+ 



+ 
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Common zone of balancing: 
muff-zone 



Zone of removal of vibration 
according to the B-F-L-Ws mefhod: 
bearmg-fulcnimzone 



The bearing with an indicated 
beyond-normal vibration 




Bearings-fulcni of T-G-S 
(Key places) 



Fig. 1 Zones for application of the process (the method of 
removal of beyond-normal vibrations at T-G-Ss without 
stopping their generating electricity / being in operation) - 
bearings-fulcra zones. 
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Bearmg-fulcrum of T-G-S 



Cont. 



^s*a Turbine Generator Vibration Damper System: Principal scheme 
of apphcation upon T-G-Ss. 
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Bearing-folcnim of T-G-S 



3 

¥ig.^ The B-F-L-Ws for removal of beyond-normal 
vibrations in wide diapasons. 

For the stated M & L(m, w) tuning the system to the vibrations damping 

is done by changing a. 
See text in Specification. 
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Fig.^ The B-F-L-Ws for removal of beyond-normal 
vibrations in super-wide diapasons. 

For the stated M (and m, w) tuning the system to the vibrations damping 

is done by changing L and a. 
See text in Specification. 

+ + 



+ 
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-I: 



Gerierator 




Unit for changing ike length of the wing 




B 



Fig.X ^be main elements of the B-F-L-Ws. 



+ 
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Fig.^ The B-F-L-Ws for removal of beyond-normal 

vibrations in wide diapasons (variant). See text in Specification. 

+ + 
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Fi^.^ The B-F-L-Ws for removal of beyond-normal 
vibrations in super-wide diapasons (variant). 

Sec text in SpecHicatioii. 



+ 
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Fig. |e The B-F-L-Ws for removal of beyond-normal 
vibrations in super-wide diapasons (variant). 

Placement in direction perpendicularly to rotor axis of T-G-S. 
See text in Specification. 
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Fig.X Loads of the B-F-L-Ws (variants). 

Various forms of the loads. 
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Cont. 




Cont. 



Fig.X Condnmtiotu Loads of the B-F-L-Ws (variants). 
Vari us forms of the loads. 
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Fig. 4 Continuation. Loads of the B-F-L-Ws (variants). 

Various f mis of tiie loads. 
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Cont. 

15. The ways of forming the loads ( variants' ). 





— i 


h 




A 




1 
1 










1 
1 
1 
1 




^ — i 


r 








1 


r' - — h- 
J 1- 


J — 




— ^ 


1 

+— 



15a. The stated mass load manufactured by casting ( or pressing, 
shaping, etc ). 



M=Mi +M2 + M3 +M4 +M5. 
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15b. The stated mass load collected from die we^ts. 



'Mo 
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1 
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i 
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15c. The load collected from the basic load and the additional weights. 



Fig./4 ContinuatiotL Loads of the B-F-L-Ws (variants). 
The ways f forming the loads. 



+ 
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ViewA 



3$ 



4 — 



6 O 



8 C& 



4=^*^ " — |-D o g o o j — 



Fig.i^ Wings of the B-F-L-Ws (variants). 

Various f rms of tiM wings. 



Cont. 
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10 



11 




12 



13 



14 



15 



16 





Fig.^ O»ii/iiiifal£0ii. Wings of the B-F-L>Ws (variants). 

Various forms f the wings. 

See also: Preferable fixations of wings fulcra (on)to the loads and the 
joint-unite [Fig. 4}i (par. 4)], Folding wings of the B-F-LWs (Fig. 

IT 36 
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Pin not divided 




The 
standard bolt 
of a case of 
bearing-fiilcrum 



il 




1 



Cont 



Fig. M Fixture units for fixing of loads of the B-F-L-Ws 
to a case of bearing-fulcrum (variants). 
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Cont. 




Fig. ^ ContinuaOoiL Fixture units for fixing loads of 
the B-F-L-Ws to a case of bearing-fulcrum (variant). 
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Abody of bearing 



Case of bearing-fulcrum 



Fixture units 



Fig. ^ Preferable setting of fixture units of the B-F-L-Ws. 
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Fig. p Installation of the B-F-L-Ws with fixation which 
not requires replacement of the standard bolts of bearing- 
-fulcrum (variant). 



+ 
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Vladilen Safonov. 




1^ 

Fig. ^ Variants of units for changing tiie length of wings 
oftheB-F-L-Ws. 

See text in Specificatioii. 
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2. Electrically drivm wing 



1. Hydraulically 
( electro-hydraulically ) 
driven wings 



3. Mechanically ( manually ) 
driven wing 




4. Electro-mechanically 
( and manually ) driven 
wings 



5. Electro-mechanically ( and 
manually ) driven wings 

Cont, 

Fig. a Various types of drivers (shown schematically) 
of units for turning wings of the B-F-L-V^s. 

See text in Specificatioii. 
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Fig. €i Continuation. Various types of drivers (shown 
schematically) of units f r turning wings of the B-F-L-Ws. 

See text in Spec^Bcation. 
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Vladilen Safonov. 




zzzz 
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Fig. 4f A change of mass of wing of the B-F-L-Ws 
by attached weights (variant). 

A change may be done by attached pairs of weights of various length 
and diameter Di, D2, etc 
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Plane C 
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1. The two loads are firmly joined togettier by flie connecting plate(s) 
[ or bars, ribs, etc ]. 

n 

Fig. « Joint-uiiits of the B-F-L-Ws (variants). 



Cont. 
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r 




■'111" 

iffifrir-hrri rh}4^ rt-i 



-shaped units. ( For variants 2b, 2c, 2d wings fulcra are fixed onto 
tibe joint-unit). 

CorU. 

Fig. ^ Continuation. Joint-units of the B-F-L-Ws (variants). 
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Cont. 





2. The two loads are firmly joined together by die connecting arch- 
-shaped ( pipe ) units. 





M 1 I i -4 



3. The two loads are manafactared as the whole one ( e.g. by casting, 
pressing, shaping, etc ) with the arch jointing. [ For variant 3b 
wings fulcra are fixed onto flie joint-unit ]. 

^ Cont 

Fig. #1 Continuation. Joint-units of the B-F-L-Ws (variants). 
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Not preferable 



The recommendations to prefer the fixing of flie wings fkdcni: 

1) a =^ UmiB. 

2) bi>b, 

3) ai<y2bu 

4) h<Lj{mi<m); ci<a 

5) The system [ formed out of the loads M, the fixture units 

the joint-units lIi, lb ] is so rigid that it may also successfully resist 
the additional momentum origmated from the eccentridty au 
4. Some recommendations for preferable fixing of wings fulcra (on)to 
the loads and die joint-units. 

ConL 

Fig. ^ Continuation. Joint-units of the B-F-L-Ws (variants). 
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Preferable Preferable Preferable 



The recommoidatloiis to prefer the fixing of tiie wings fulcra: 

1) ei •»>£iniii. 

2) / < L ( e.g. worii wilhin limited space for spreading tbe wings ). 

3) The system [ formed out of flie loads M, the fixture units d, 

tiie joint-units ^i, i^i ] is so rigid fliat it may also successfully resist 
the additional momentum urinated from eccoitridty ei, 

4. Some recommmdatiwis for preferable fixing of wii^ fulcra (on)to 
the loads and the joint-units. 

Fig. ^ Continuation. Joint-units of the B-F-L-Ws (variants). 
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Fig. ^ Operations (in number and sequence) to install 

the B-F-L-Ws [variant]. Sec text in Specification. 
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F^.19 Placement of the B-F-L-Ws around bearing- 
fulcrum at T-G-S in direction parallelly to rotor axis. 

Placement: 

(1 & V) - the most adequate and practically possible variant. 

(2 & 20, (3 & y) - additional (and Umited) variants. 

{l&V) + {6& 6*) - adequate, but practically not always possible 

variant 
(4) - most adequate variant 

(5 & 5') - adequate, but practically not always possible variant 

(6 & 6*) - adequate, but practically not always possible; not preferable 

variant as not increasing the weight of an upper cover of 

bearing-fulcrum. Loads may be used with wings, or without wings 

(as additional variant). 

(7) - adequate, but practically n t always possible variant, 

Here the wing is shown folding (and changeable in length, width and weight). 
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1) Incorrect placements. 




2) Correct placement 



IP 

Fig. ^ Correct and incorrect placements of the B-F-Lr-Ws 
at bearing-fulcrum /if to follow the instructions of the 
B-F-L-Ws method/. 

See text in Specification. 
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An axial stress bearmg-Mcniiii 



CofU, 

Fig. ^ Placement of the B-F-L-Ws upon bearing- 
-fulcnim at T-G-S in direction perpendicularly to rotor 
axis. 

Placement: 

1 - the most adeqnat and practical^ possible variant. 
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1> 

Fig. S& Continuation. Placements of the B-F-L-Ws around 
bearing-fulcrum at T-G-S in direction perpendicularly to 
rotor axis. 

Placements: 

2 - most adequate variant 

(3 & 3') - additional variants [for loading]. 

(4 & 4') - adequate, but practically not always possible variant 

(5 & S*) - adequate, but practically not always possible variant 



+ 



+ 
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T-G-S 




10 20 30 40 so 60 70 80 90 100 110 



Fig.'T The graph for determmation of initial single mass of 
the load-wing M(L-\V)niin of B-F-L-W as function of diameter 
of the rotor neck dneck rotor of T-G-S [by Vladilen Safonov]. 

(See text in Specification). 

Tiie graph may be used for determination of minimal /initial/ single mass of the 
load-wing: for example, for T-G-S with designed operating frequency f - 50 Hz 
(3000 revolotions-per-minate), for dneck mtor ~ 560 mm - - M(L-W)iiiui 64 kg; 
f r dMck rotor ==520 mm --M(L-\V)iiini = 60 kg; for doeck rotor- 200mm--M(L- 
^min = 23kg. 



+ 



+ 



+ 
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T-G-S 



4 Diameter of the rotor ncckggiSilliiilliiMH 
d neck rotor, mm 



700 • 



fiOO - 



500 



400 - 



300 - 



200 
100 
0 




B-F-L-W 



iiiiiilMillM Minimal ( initial ) single 
^ |i, mass of the load-wing 



' llil^ |M(L-W)mm, kg 



T 

10 20 30 40 50 60 70 80 90 100 110 



iiiiiM 



Fig. The graphs for determination of initial single mass of 

the load-wing M(L.W)niin as function of diameter of the rotor 

neck dneck rotor, for variotts values of designed operating 

frequency f of T-G-Ss [by Vladilen Safonov]. 
(See text in SpecificatioB) . 



+■ 
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<lt{ I 1 

Fig. f Distribution of the minimal /initial/ single mass 
of the load-wing M(L-W)min among all elements and 
mechanisms, forming the single bearing-fulcnim-load-wing 
(B-F-L-W). 

Removal of vibrations in ^de diapasons. 

Placement of the B-F-L-Ws in direction paralleUy to rotor axis. 

A total mass of the bearing-fulcrum-loads-wings (the B-F-L-Ws) is equal to 

a double mass of the single bearing-fulcnim-load-wiii^ (B-F-L-W). 

See text in Specification. 
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The single bearing-ftilcrum- 
-load-wing ( B-F-L-W ) 




M(L-W)min 




Fig.'^ Distributton of the minimal /initial/ single mass 
of the load-wing M(L-W)min among all elements and 
mechanisms, forming the single bearing-fulcrnm-load-wing 
(B-F-L-W). 

Removal of vibrations In super-wide diapasons. 

Placement of the B-F-L-Ws in direction parallelly to rotor axis. 

A total mass of the bearing-folcmm-loads-wings (flie B-F-L-Ws) is equal to a 

d uble mass of the single bearii^-fulcmm-load-wing (B-F-L-W). 

See text in Specification. 
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M(L>W)min / M(L-W)min 



M(L-W)min 





ATI"?! pTTjtrrT[nTT|nn[Ti [ijn fri^njn. 



Fig. # Distribution of the minimal /initial/ single mass 
of the load-wing M(L-W)min among all elements and 
mechanisms, forming the single bearing-fulcrum-load-wing 
(B-F-L-W). 

Placement of the B-F-L-Ws ui direction perpendicolarly to rotor axis. 
See text in Specification. 
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Cunent vibrations data taking devices 



ODD 



Computer 




TheB-F-L-Ws 



Fig. ii Connecting of computer widi the database 
to the bearing vibrations indicatory system to 
conduct removal of beyond-normal vibrations at the 
bearing-fulcrum automatically. 
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Current vibrations data 
taking devices 



a) 



The ^mass and spring^ vibrating system metiiod. 




KzrirT-zT-}^ Computer \ 



b) 



Current vibrations data 
taking devices 



The 'mass and vibrator* vibrating system method. 




c) 



Current vibrations data 
taking devices 



The B-F-L-Ws method. 



F^. SL Other methods of damping vibratton [a), b)] 
~ but of extremely limited capabilities to be used upon 
bearings-fulcra zones at T-G-Ss ~ in comparison with 
the B-F-L-Ws method [c)]. 

See text 



Turbine Generator Vibration Damper System. Vladilen Safonov. 

Example: 

The upper limhs of nonnal values of vibratioiis: V.T=12(uii; A^lpm. 
The pomissible limits: V,T»20(un; A<=S(un. 




Current vibrations data taking devices 



Computer 



Receiving block 



, V \ T. A 




Analog block 










SkMik 












Datebaseof cakobtcd and terted ana 




for dw bcjroiidHiomial vtbratioiB to be damped 




Mass of the load 


Length/and mass of 




Characteristics of vibrati<His 


Angle for vibra- 




installed 


the wing installed 




vertical 


transverse 


axial 


tioiis damping 




M.kg 


\Jm^ tnm/lfg 




V.jun 


T.pm 








52* 


.J... 

300*/16* 


III 


14* 


9* 


1* 


81* 




52 


300/16 




15 


9 


1 


80 




52 


300/16 




16 


9 


1 








...A.. 













The given M & L establishing block 



Signal g for damping the bey(»id-iionnal vibration I 



Executive mechanism (device), -^"^ ^ ^ ^ 



Fig. is Automation - - by use a computer and automatic 
equipment - - of process of removal of beyond-normal 
vibrations at T-G-Ss. [Wide diapasons.] 

*- Here, all the data are shown to serve as ilhistradon only. 



+ 



+ 
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Variant II. Sole signal a. 



■30 

Fig. IB Variants of sending s^al ou 

Variant I: Bifurcate signal sent equally to the two separate executive 
mechanbnis f r turning flie wings f the B-F-L-Ws. 
Variant 11: Sole signal sent to the united executive mechanism f r turning 
the wings of the B-F-L-Ws. 
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Currrat vibrations data taking 




devices 



V 



\\\ Computer 



R.B. 




I ttsLed gnalogoga for fee bcyooJ-normal vitarfjong to be damped 



Mass of tiie load / 
mass of the wing 
installed 



M/m,kg 



.../... 
43*/I4* 
.../... 



Weight, attached 
todiewii^ 



w.kg 



8* 



Characteristics of vitiations 



14* 



T,fiiii 



13* 



A, Mm 



2* 



Length of the wing 
for vibrations 
damping 



310* 



Theg^en M/m & w establishing 
block 



An^efor 
vibrations 
damping 



32* 



L and a averaging 
block 

I i : 



optimizer 



Signals for damping the beyond-normal vibration 



OL 



"7k 

¥ig. »9 ^Automation of process of removal of 
beyond-normal vibrations at T-G-Ss. [Super-wide 
diapas ns]. 



- Ho-e, all die data are shown to serve as illustratira wily. 
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Computer system 




Bearing-fiilcnim zone 



Fig. Mfi^ Automation of process of removal of 
beyond-normal vibrations and keeping vibration 
situation normal and stable at whole T-G-S by the 
use of computer system and automatic equipment 
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(A3 = Amax)> A2 >(a1 = Amir) 



a) direction of vibration: vertical. 




(A3 = Amiij < A2 <(A1 = Amaoij 



b) direction of vibration: transverse. 



p 0*^\3 = Amin)<A2<(Al=Ama3^ 




c) direction of vibration: axial. 




d) damping of a complex vibration 



If* 




Fig, m Simple wings of the B-F-L-Ws. 

Work of simple wing for damping vertical [a)], transverse [b)], 

axial [c)], complex [d)] vibrations within its turn round from 0" to 90°. 
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♦6 



fl = fe = fi. 
L3 > L2 > Ll . 

+ - Mdamp^ > + - Mdamp.2 > + * Mdamp.1 . 
Adamp^ > Adamp.2 > Adamp.l . 



Fig. M An increase of damping capabilities (in damping 
momentum Mdamp. and damping amplitude Adamp.) 
of wing depending on elongati n of its length. 
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c) d) 




35 

VigMk Folding wings of the B-F-L-Ws. 

Change of damping capabilities of folding wing depending on summary 
angle (al + a2 + ...) and t tal length of wing (}l + h + ...). 
a), b), c), d) - variants of spreading f Iding wings; e) - mechanism for 
turning the wing (variant). 
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Imitative model Real model 




Velocity a> is low, frequency f is low. 

Wing is firm, non-flexible / in constnictiott, substance or texture of 
material/. 

«) 

Imitative model Real model 




Velocity © is high, frequency f is high. 

Wing is highly elastic, flexible / in construction, substance or texture 
of material /. 

b) 

Fig. ^Additional damping capabilities of wing 
depending on its flexibility. 

a) firm wing; b) flexible wing. 
(See text in Specification). 
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Fig. 1$ Some variants of the forms of the B-F-L-Ws adapted 
t be used at the T-G-Ss' bearings-fulcra with limited space 

for spreading the wings. See text in SpecificatioiL 
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Rotor cylinder 
ofT-G-S 




BVaring 



Rotor cylinder 
ofT-G-S 




Rotor cylinder of T-G-S 




Bearing 



Bearing 



Rotor cylinder 
ofT-G-S 




Bearings 



B 



.B' 



Fig. Correlations and B' — in mutual dimensions 
and constructions — between bearings and their related 
rotor cylinder for which the method of removal of vibra- 
tions may be used so, that the B-F-L-Ws will be installed 
already upon whole rotor cylinder. 



Those rotor cylinders are specified- see text in Specification and Limitations. 
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f 

Fig. 18 Variants of installatioii of the B-F-L-Ws upon 
the whole rotor cylinders. 

See text in Specificatkm and Limitations. 
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Zme of ranoval of vibration 
according to tiie R-F-I^Ws method: 
b&uiags*-^iUcmmione 




The bearin^fnlcra 
oftiieT-<3-S 



MO 

Fig. W The specified rotor cylinders of the T-G-S as the 
fulcra of the whole rotor system. 

When flie B-F>L-Ws may lie used upon whole rotor cylinder and for (he cor- 
resptNudlng specified rotor cyihiderB - see text in Specification and Umitations. 

Installation of tiie B-F-L-Ws at the rotor cylinder as a f^urfe, antomation of 
the inocess of removal vibrations at every finder as a inMIe and at v^Mrie 
T-G-S| tiie limitations are analogie to ivkat mast be done for tiie B-F-L-Ws to 
be installed and used at beariag-falcnim. 



* - bearing^-fidcrum zone - cinnpare with bearmg^ukrum zone (see Fig. 1). 
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A 

Bearing-fiilcnim of T-G>S 

Cont. 



Fig. 1^ Variants of simple changings of the construction 
of bearing-fulcrum (or the form of its upper cover) in 
the future designed T-G-Ss to be adapted for use of the 
B-F-L-Ws method - removal of vibrations at T-G-Ss without 
stopping their generating electricity / being in operation. 
* - The addiHonal mass (including loads-wings and related units) that will be 
added to the ordinary mass of upper cover has to be equal to a double mass of 
the single bearing-fulcrum-load-wing (B-F-L-W), 
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Cont. 



Bearings 




The new deigned upper cava'** 



The specified rotor cylinder of T-G-S 



Bearings 




e new designed upper cover*** 



The specified rotor cylinder of T-&S 



Fig. Continuation. Variants of simple changings of the 
constnictioii of bearings-fulcmm (or the form of its 
upper cover) in the future designed T-G-Ss to be adapted 
for use of the B-F-L-Ws method - removal of vibrations 
without stopping their generating electricity / being 
in operation. 

- The additional mass (including loads-wings and related units) that will be 
added to the ordinaty mass of upper cover has to be equal to two double masses 
of the single bearmg-fulcrimt^oad-wing (B-F-L-W). 

*** - The minimal additional mass thai will be added to the ordinary mass of 
iq)per cover has to be equal to two double masses of the single bearings-fulcrum- 
-load-wing (B-F-L-W), 
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Fig.# Removal of vibrations with the B-F-L-Ws at 
beaiing-fulcmiit of T-G-S. 
Wind Electro Power Plant 



General view. 
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TheB-F'L-Ws 




Fig. ^ Removal of vibrations with the B-F-L-Ws at 
bearing-fulcrum of T-G-S. 
Hydro Electro Power Plant. 

General view. 



4- 



4' 
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Fig. Removal of vibrations with the B-F-L- Ws at 

whole T-G-S. 

Electro Power Plant 
General view. 



4- 



